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Abstract: The purpose of this study was to determine the depth of cure and the type and 
amount of monomers released from bulk-fill composites in different curing protocols. Five 
different composite resins Filtek Bulk-Fill Posterior, Filtek Bulk-Fill Flowable, SureFil SDR, 
X-tra Fil, and X-tra base, were used. A light-emitting diode (LED) device was used in 3 
different modes (standard, high power, and extra power mode), and a halogen light device 
was also used as a control. Surface hardness was measured and the depth of cure was 
calculated. Monomer analysis was performed using high performance liquid chromatography 
(HPLC). The data were analyzed using Tamhane’s T2 post-hoc test (α = 0.05). The cure depth 
for all materials except for Filtek Bulk-Fill Posterior (extra power mode) and Filtek Bulk-Fill 
Flowable (high power and extra power modes) was over 80%. Under the conditions of this 
study, the amount of monomer released from composite resins changed according to the type 
of composite resin and the light mode used. 
 






Composite resins are widely used as restorative materials. These materials contain different 
polymer matrices, which are composed of different multifunctional methacrylates and 
additives. Bisphenol A glycidyl methacrylate (BISGMA), urethane dimethacrylate (UDMA), 
and triethylene glycol dimethacrylate (TEGDMA) methacrylic monomers are the main 
components of resin-based filler materials. In addition, the presence of additives, such as 
initiators, activators, inhibitors, and plasticizers, is also required for restorative material. 
Studies have also reported that bisphenol A (BPA) is found in saliva that has been in contact 
with composite resins and fissure sealant materials [1]. 
Composite resins have advantages. They have excellent aesthetic properties and are 
easy to handle. However, they also have disadvantages, such as polymerization shrinkage and 
inadequate polymerization [2]. Polymerization of composite resins occurs as a result of the 
conversion of monomers into polymers through photo or chemical processes. However, 
sometimes the conversion of the monomers into polymers is not fully realized, and the 
unpolymerized monomers “called as residual monomer” are released into the oral 
environment. 
It has been reported in the literature that these residual monomers released into the oral 
environment cause systemic or local side effects on the tissues and cells. Residual monomers 
also affect mechanical properties of the resins, resulting in reduced resistance and 
discoloration of the resin due to inadequate polymerization of the monomers. Residual 
monomers can also reach the pulp through dentin tubules and cause pulp irritation, leading to 
bacterial proliferation between dental tissues and the restorative material [3]. Moreover, these 
monomers can enter into the vascular system through dentine penetration and cause cytotoxic, 
genotoxic, mutagenic, or estrogenic effects, as well as soft tissue and allergic reactions [4]. It 
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is therefore important to know how much monomer is released from the composite resins and 
to take the necessary precautions to reduce this amount. 
Composite resins should be placed in deep cavities as layered due to the limited 
polymerization level and increased polymerization shrinkage risk. However, the use of this 
technique, called 'incremental technique' requires a lot of curing, which is very time 
consuming. 
In order to alleviate this problem, resin manufacturers search for ways to reduce 
polymerization shrinkage and to place composite resin into larger masses. As a result, a new 
generation of composite resins called 'Bulk-Fill' has been developed. The improved 
translucent structure of Bulk-Fill composites and the photoactive groups placed in the 
methacrylate resin allow for better control of the polymerization kinetics of these composites 
and polymerization of the composite up to a depth of 4 mm using the bulk technique [5]. This 
new technology has resulted from the changes made to the monomer chemistry. Hydroxyl-
free BISGMA, aliphatic urethane dimethacrylate, partial aromatic urethane dimethacrylate, or 
highly branched methacrylate was added to the resin matrix structure of the Bulk-Fill 
composites. This change in organic matrix and monomer structure reduces the polymer 
shrinkage of the composite by up to 70% and allows the necessary light for polymerization to 
be spread further across the composite mass by improving the translucent structure of the 
composite [6]. 
The good depth of cure may be due to the refractive index matching between the resin 
and filler, which enhances light transmission. Reduction in refractive index differences 
between resin and filler improves the degree of conversion and increases depth of cure [7]. 
Ilie and Stark [8] stated that greater depth of cure in bulk-fill composites could be achieved by 




Cure depth of resin-based materials can be evaluated using Fourier transform infrared 
spectroscopy (FTIR) or micro-Raman spectroscopy. In particular, the ratio of DC measured at 
the bottom to that at the top surface was found to correlate well with surface microhardness, 
typically measured as an indirect evaluation of the polymerization efficiency [9]. Pilo and 
Cardash stated that an acceptable level of cure depth should be 80% [10]. 
Many methods, such as gas chromatography, high performance liquid chromatography 
(HPLC), gas chromatography/mass spectrometry, and electrospray ionization/mass 
spectrometry are used to determine the type and amount of residual monomers and 
degradation products. However, among these, HPLC is the most commonly used method [11]. 
The aim of this study was to determine the depth of cure and the type and amount of 
monomer that is released when the different bulk-fill composite resins are polymerized using 
4 different light modes for 24 h. 
The hypotheses were as follows: that the depth of cure of all composite resins is at an 
acceptable level; that all of the monomers examined were released from all of the composite 
resins; and that there is no difference in the amount of monomer released from each Bulk-Fill 
composite resin in all light modes. 
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Materials and Methods 
 
Five different bulk-fill composite resins were used in this study. Table 1 gives information 
about the composite resins used. 
 
Preparation of samples and curing protocols 
A total of 24 samples were obtained from each composite resin by using a 5-mm diameter and 
a 4-mm deep Teflon mold. The molds were filled with a composite resin and their upper and 
lower surfaces were compressed to obtain a smooth surface between the 2 glass surfaces by 
using transparent bands for oxygen inhibition. The polymerization process for each composite 
resin was carried out in 3 different modes: standard mode (Mode 1), high power mode (Mode 
2), and extra power mode (Mode 3) of a third generation light-emitting diode (LED) device 
(VALO; Ultradent, South Jordan, UT, USA). A halogen light device (Hilux Ultra Plus; 
Benlioglu Dental, Ankara, Turkey) was used as a control. The polymerization durations were 
adjusted according to the manufacturer's instructions and the total energy densities were set to 
be close to each other (Table 2). During the polymerization, the light source tip was held in 
contact with the glass and the power of the light sources was checked using a radiometer 
(Hilux; Benlioglu Corp.). 
 
Depth of cure evaluation 
Vickers microhardness (VHN) was measured using a microhardness-testing device (MVK-
H1; Akashi Co., Tokyo, Japan) applying a 50-gf load for 10 s. The mean of the vertical and 
horizontal VHN readings was calculated for 1 reading per indentation. The mean of the sum 
of indentations per surface was calculated to have 1 representative reading for both the bottom 
and top surface hardness. The values measured at the top were considered as 100% and the 
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values measured at 4-mm distance were expressed as percentage of the value and were 
obtained from the following equation: 
%VHN = bottom VHN/TOP VHN × 100 
After VHN values were obtained, depth of cure was evaluated with reference 80% which 
indicates that the bottom surfaces were adequately cured. 
 
HPLC analysis 
After the depth of cure of samples was determined, each of the samples was left in 1 mL of 
75% ethanol solution for 24 h. The solutions obtained were stored at 4°C until the monomer 
analysis. The monomer analysis of the samples was performed using HPLC (Agilent 1200 
series, isocratic pump, auto sampler, column frame, and Diodarray detector; Germany) and 
C18 RP analytical column (250 × 4.6 mm 5 μm particle size; ACE; Aberdeen, Scotland). All 
standards with high purity were obtained from Sigma Aldrich. For the mobile phase, 
acetonitrile/water with 65/35% rate was used. Flow rate and run time were set to 1 mL/min 
and 12 min respectively, and samples for calibration were prepared at the concentrations of 
0.3, 0.6, 1.25, 2.5, 5, and 10 μg/mL. Standard substances of BPA, TEGDMA, BISGMA, 
UDMA, and 2-hydroxyethyl methacrylate (HEMA) monomers were injected into the device 
at appropriate rates to allow the device to fully recognize the monomer types present in the 
samples prior to HPLC analysis. Thus, the retention times and peak values of these monomers 
were defined. Accordingly, the corresponding monomer concentrations related to the 
calculation of the areas under the peaks obtained from the solutions in which the samples 





Statistical Package for the Social Sciences (SPSS) 18 (IBM, Chicago, IL, USA) software was 
used to analyze the data. Kolmogorov-Smirnov and Shapiro-Wilk tests were used to 
determine the distribution of the data. Additionally, data normality verification (equality of 
variances) was performed using Levene’s test. Tamhane’s T2 test was performed because the 
variances of groups were not homogeneous. 
Tamhane’s T2 test was used to compare the composite resin depth of cure in different 
light modes for each composite resin. In addition, it was also used to compare the amount of 
monomers in different light modes from each composite resin. In addition, Spearman’s 
correlation analysis was used to compare the depth of cure of composite resins and the 
amount of released monomers. This analysis was performed separately for each monomer 





Tamhane’s T2 test showed that there was a statistically significant difference among groups 
in terms of cure depths for Filtek Bulk-Fill Posterior and Filtek Bulk-Fill Flowable groups (P 
< 0.05). The bottom-to-top ratio of the surface-hardness for all materials except for Filtek 
Bulk-Fill Posterior, Mode 3 (74.94 ± 10.34) and Filtek Bulk-Fill Flowable Modes 2 and 3 
(76.69 ± 9.12 and 76.40 ± 9.59) was over 80%, which indicates that the bottom surfaces were 
adequately cured (Fig. 1). 
Chromatograms of standards and 1 of the samples are shown in Figs 2 and 3. The 
retention times of the monomers were as follows: TEGDMA, 2.9 min; HEMA, 3.8 min; BPA, 
5.0 min; UDMA, 6.9 min; and BISGMA, 8.6 min. 
The monomers released from each composite resin in different light modes and the 
statistical comparison results are shown in Tables 3-7. The amount of monomer released from 
composite resins generally changed according to the composite resin and the light mode used, 
and the amount of released TEGDMA and HEMA from flowable composites was less than 
that from other composite resins in Modes 2 and 3 (P < 0.05). In addition, the amounts 
released according to monomer type were as follows, from highest to lowest: HEMA > 
BISGMA > UDMA > BPA > TEGDMA. 
Spearman’s correlation analysis showed that there was no correlation between depth 





Although composite resins are considered to be stable restorative materials, their structure 
may deteriorate over time and their content can be released into the oral environment. In light-
polymerized systems, the conversion of monomer into polymer varies between 40% and 75% 
[12]. Some clinical precautions may be taken to reduce the amount of residual monomer 
released from composite resins and to increase clinical success. Using flowable cavity liners, 
applying alternative light polymerization protocols, and using incremental techniques are 
some of those precautions. The recommended maximum layer thickness is 2 mm to ensure 
sufficient light penetration and polymerization. However, when the incremental technique is 
used, there are some risks, including time loss, cracking, and contamination between layers 
[13]. Bulk-fill composite resins have been produced to eliminate these risks, and there are 
studies in the literature indicating that these materials have better light transmittance 
properties and can provide sufficient polymerization depth even at thicknesses exceeding 4 
mm [14]. In the present study, the thickness of composite resin samples was set to 4 mm, and 
depth of cure for all materials except for Filtek Bulk-Fill, Mode 3, and Filtek Bulk-Fill 
Flowable, Modes 2 and 3, was over 80%. Thus, the first hypothesis, that the depth of cure of 
all composite resins is at an acceptable level, was partially rejected. 
The cure depth of the composite resins that are polymerized with light is closely 
related to the characteristics of the light device used in polymerization and the duration of 
light application. Studies suggesting that increasing the power of light devices has a positive 
effect on the cure depth have led to the development of more powerful (> 600 mW/cm2) light 
devices [15]. 
Table 2 gives radiation time, light cure intensity, and spectral range of devices. Light 
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curing devices have a wide spectral range in terms of photo initiators. The power density of 
light curing devices was 800, 1,000, 1,400, and 3,200 mw/cm
2
, and exposure time was 
adjusted to produce approximately the same energy densities (intensity × time about 20,000 
J/cm2). However, in the present study, depth of cure for all materials except for Filtek Bulk-
Fill, Mode 3, and Filtek Bulk-Fill Flowable, Modes 2 and 3, was over 80%. 
The HPLC technique is the most suitable method for eluting the nonpolar compounds 
forming the composite resin monomer, and it also has the advantage of separating the 
components according to their hydrophobic order. Also, because the monomers can be 
dissolved in the mobile phase in the HPLC method, the separation process is carried out at a 
more controlled level. The molecules of high molecular weight monomers such as BISGMA 
and UDMA can decompose with the gas chromatography technique, and only decomposition 
products can be detected. Therefore, the HPLC method is more suitable for determining the 
type and amount of monomers released from composite resins. For these reasons, in this 
study, HPLC was used to measure the amount of monomer released from the composite resins 
[11]. 
It has been shown that all the monomers contained in the unpolymerized composite 
resins are extracted into organic solutions after the resin is polymerized. The oral cavity is 
somewhere between water and more aggressive solutions (ethanol, methanol, acetonitrile). 
The United States Federal Drug Administration has recommended a 75% ethanol-water 
solution because it best mimics the oral environment, and this solution is used in many studies 
in the literature [16]. For these reasons, in the present study, the 75% ethanol/water solution 
was used as a storage medium. 
In the present study, it was found that the monomer types examined were released 
from all of the composite resins, which means that the second hypothesis was not rejected. 
Tamhane’s T2 test, which was used to determine if there was a difference between the amount 
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of monomer released from composite resins in different light modes, indicated that there were 
statistically significant differences among the groups (P < 0.05). For this reason, the third 
hypothesis, that there is no difference in the amount of monomer released from each Bulk-Fill 
composite resin in all light modes, was rejected. Spearman’s correlation analysis showed that 
there was no correlation between depth of cure of composite resins and amount of released 
monomers (P > 0.05). Similar results were obtained in other studies on the correlation 
between depth of cure and release of well-polymerized specimens [17]. 
The residual monomers can only be released from the apolymeric network if there is 
diffusion or swelling. Diffusion occurs when the solubility parameter of the storage solution is 
compatible with the hydrophobicity level of the polymer structure. While the aqueous 
solvents are drawn by the hydrophilic structures, the organic solvents are more easily 
dispersed into the hydrophobic structures. Diffusion into a polymeric network causes swelling 
and opening of existing pores. The degree of swelling depends on the stiffness and cross-link 
density of the polymer network, and the diffusion of the residual monomer from the polymer 
depends on the molecular weight and flexibility of the polymer. Monomers with low 
molecular weight, such as TEGDMA, are released more easily and in higher amounts than 
hard and high molecular weight monomers such as BISGMA [12]. In the present study, it was 
determined that the most released monomer was HEMA, which may be due to its low 
molecular weight. The high release level of BISGMA can be explained by the solubility of 
this monomer in ethanol, an organic solvent. 
In the present study, it was found that the BPA ratios released in the modes with high 
total energy intensities were partially increased compared with other modes. Kwon et al.[18] 
found that as the polymerization time increased and the curing distance decreased, the 
released BPA ratio increased. The authors noted that, unlike TEGDMA and UDMA, 
photolysis of BPA increased when exposed to high light intensity, because of the release of 
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BPA into the environment due to its decomposition from the BPA-based resins [18]. This 
may also explain the result in the present study. 
It has been reported in the literature that the maximum release of monomers from 
composite resins occurs in the first 24 h after polymerization. Ferracane and Condon [19] 
stated that half of the residual monomer releases into the environment within the first 3 h after 
the polymerization, and 85%-100% of it releases within 24 h. More recent studies conducted 
with HPLC have shown that monomer elution continues for 24 h for the resin-based 
composites [20]. The amount of monomer released from the composite resins in the present 
study was measured after 24 h polymerization in order to ensure the majority of residual 
monomers was released within a few hours, and to better understand the effect of different 
light modes on monomer release from the composite resins. 
The present study showed that the amount of monomer released changes according to 
the composite resin and the applied light mode. Optimal polymerization conditions are 
different for each monomer and each composite. For this reason, the type of monomer 
contained in the composite resins should be known in terms of biocompatibility and reliability 
of the materials, and the polymerization should be ensured according to optimal 
polymerization times. The composite resins should be highly polymerized in order to 
minimize the release of residual monomer. The properties of the light source used, such as 
energy density and spectral distribution, affect the final polymerization rate. The energy 
density (J/cm2) is the product of the light intensity (mW/cm2) and the light duration (s). Many 
studies report that the energy density is the main factor in determining the degree of 
polymerization of the composite resin. Recent studies emphasize that the light intensity, the 
duration of light, the type of photo initiator, and the filler content significantly affect the 
polymer chain length, cross-linking degree, and mechanical properties of the resin [21]. 
Although it has been stated that the 40 s polymerization time is satisfactory for 
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improving the mechanical properties of the composite resin, Polydorou et al. [22] found that 
this was not more effective than a 20-s time period in reducing the amount of residual 
monomer released in a 75% ethanol solution. Furthermore, even when the polymerization 
time was increased to 80 s, there was no effective reduction in the amount of monomer 
released. In the present study, the total energy densities are set to be close enough to each 
other so that the light modes can be compared more easily. 
There are many studies in the literature related to the efficiency of LED technology in 
the polymerization of composite resins [23]. Although it was emphasized that LED light 
sources have more cure depth than QTH light sources [23], Yoon et al. [24] stated that 1 light 
source is not superior to another for achieving sufficient cure depth. Yap et al. [25] did not 
find any difference between the TEGDMA and BISGMA ratios released from the composite 
resins despite the difference in energy intensities (intensity x time) in standard LED and QTH 
polymerization modes. Despite the differences in the methods, there are many studies in the 
literature where similar results were obtained [23-25]. In the present study, it was found that 
the monomer release changes according to the light modes applied and the composite resin. 
Analysis of the content released from composite resins is of great importance not only 
to examine the mechanical and physical properties of the resin but also for the determination 
of the biocompatibility of these materials. Studies regarding BPA have focused on the fact 
that this monomer can exhibit para-hormonal activity and mimic estrogenic hormones, and 
thus play a role in female infertility [26]. Regarding this issue, Kita et al. [27] stated that when 
the BPA concentration is above 0.01 mmol/L, it may show an estrogen-like effect. Studies 
regarding cytotoxic doses of other monomers released from composite resins revealed that 
UDMA, BISGMA, and TEGDMA are toxic for human oral mucosa membrane cells at doses 
of 0.27 mmol/L, 0.11 mmol/L, and 3.7 mmol/L, respectively [28]. Toxic doses of HEMA 
were found to be 3 mmol/L on human gingival fibroblasts [29] and 10 mmol/L on human pulp 
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fibroblast cells [30]. Given that the results obtained in the present study are in μmol/L, 
amounts of monomers released from the composite resins used in the present study were well 
below the toxic doses. 
Therefore, the depth of cure of all composite resins is at an acceptable level, and the 
amount of monomer released from composite resins changed according to the type of 
composite resin and the light mode used, and the amount released was below the toxic dose. 
However, there may be differences in the amount of monomers released when considering the 
differences in method, light sources, storage solution, and sample sizes used in each study. 
For this reason, further studies are needed to provide optimal polymerization conditions for 
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Table 1 Details of the investigated restorative materials 
Composite 
Resins 
Manufacturer Content Lot No. 












3M Oral Care BISGMA, BISEMA, 
UDMA 
Zirconia W 64;V 42 4864 
SureFil 
SDR  





Ba-B-F-Al Silicate glass, 
SiO2, amorphous Sr-Al 
silicate glass, 
W 68;V 44 150814 




Inorganic filler W 86;V 70 1545550 
X-tra base VOCO Co. BISGMA, UDMA, 
TEGDMA 
Inorganic filler  W 75;V 58 1532298 







Table 2 Light curing units and curing protocols used in this study 
Light Curing Units Type Curing Modes Spectral Range 
(nm) 
Manufacturer 
Hilux Ultra Plus Quartz-Tungsten 
Halogen 
Standard mode: 800 ± 67mWcm2, 25 s 400-520 Benlioglu Dental Inc., Ankara, 
Turkey 
VALO LED 3rd Generation Standard mode: ~1,000 mW/cm2, 1×20 = 
20 s 
High power mode: ~1,400 mW/cm2, 3×4 
= 12 s 
Extra power mode: ~3,200 mW/cm2, 2×3 
= 6 s 
395-480 Ultradent Products Inc, South 










Table 3 The mean (standard deviation) values (μmol/L) of residual BISGMA released from bulk-fill composite resins 24 h after curing 
Composite Resins Curing Modes P 
 QTH 
 
LED Standard LED High Power LED Extra Power  
Filtek Bulk-Fill Posterior 0.67(0.11)aA 0.49(0.04)bA 0.69(0.02)aA 0.67(0.02)aA 0.001* 
Filtek Bulk-Fill Flowable 0.48(0.06)aB 0.72(0.04)bB 0.54(0.11)aB 0.94(0.05)cB 0.001* 
SureFil SDR 0.67(0.02)aA 0.87(0.01)bC 0.66(0.01)aB 0.67(0.01)aA 0.001* 
X-tra Fil 0.92(0.07)aC 0.86(0.02)acC 0.66(0.05)bAB 0.81(0.06)cC 0.001* 
X-tra Base 0.45(0.00)aB 0.57(0.00)bD 0.36(0.01)cC 0.50(0.00)dD 0.001* 
P  0.001*   0.001*   0.001*   0.001*  
BISGMA, bisphenol A glycidyl methacrylate; *P < 0.0.5. Different uppercase letters within the same column and different lowercase letters within the same 











Table 4 The mean (standard deviation) values (μmol/L) of residual TEGDMA released from bulk-fill composite resins 24 h after curing. 
Composite Resins Curing Modes P 
 QTH 
 
LED Standard LED High Power LED Extra Power  
Filtek Bulk-Fill Posterior 0.04(0.00)aA 0.07(0.00)bA 0.08(0.00)cA 0.06(0.00)dA 0.001* 
Filtek Bulk-Fill Flowable 0.06(0.00)aA 0.08(0.01)bA 0.02(0.00)cB 0.02(0.00)dB 0.001* 
SureFil SDR 0.07(0.06)abcA 0.02(0.00)aB 0.01(0.00)bC 0.02(0.00)cC 0.001* 
X-tra Fil 0.04(0.03)abA 0.07(0.01)aA 0.05(0.04)abABCD 0.01(0.00)bD 0.003* 
X-tra Base 0.05(0.04)aA 0.06(0.04)aAB 0.03(0.00)aD 0.06(0.00)aA 0.200 
P 0.385 0.001* 0.001* 0.001*  
TEGDMA, triethylene glycol dimethacrylate; *P < 0.0.5. Different uppercase letters within the same column and different lowercase letters within the same 











Table 5 The mean (standard deviation) values (μmol/L) of residual HEMA released from bulk-fill composite resins 24 h after curing 
Composite Resins Curing Modes P 
 QTH 
 
LED Standard LED High Power LED Extra Power  
Filtek Bulk-Fill Posterior 1.80(0.04)aA 1.96(0.02)bA 1.80(0.04)aA 1.49(0.06)cA 0.001* 
Filtek Bulk-Fill Flowable 1.50(0.07)aB 2.54(0.00)bB 1.90(0.01)cB 1.46(0.02)aA 0.001* 
SureFil SDR 2.56(0.02)aC 2.38(0.16)bB 1.87(0.03)cC 1.69(0.24)cAC 0.001* 
X-tra Fil 2.55(0.10)aC 2.50(1.26)aABC 3.05(0.53)aD 3.81(1.58)aB 0.603 
X-tra Base 3.20(0.49)aD 3.36(0.43)aC 1.81(0.06)bAC 1.76(0.22)bC 0.001* 
P 0.001* 0.001* 0.001* 0.001*  
HEMA, 2-hydroxyethyl methacrylate; *P < 0.0.5. Different uppercase letters within the same column and different lowercase letters within the same row 











Table 6 The mean (standard deviation) values (μmol/L) of residual UDMA released from bulk-fill composite resins 24 h after curing 
Composite Resins Curing Modes P 
 QTH 
 
LED Standard LED High Power LED Extra Power  
Filtek Bulk-Fill Posterior 0.41(0.01)aA 0.45(0.09)aA 0.62(0.05)bA 0.90(0.15)cA 0.001* 
Filtek Bulk-Fill Flowable 0.25(0.08)aB 0.39(0.18)abAB 0.61(0.31)bABC 0.55(0.11)bB 0.001* 
SureFil SDR 0.20(0.02)aB 0.37(0.13)bA 0.37(0.03)bB 0.33(0.05)bC 0.001* 
X-tra Fil 0.39(0.01)aC 0.56(0.03)bB 0.48(0.06)cC 0.57(0.24)abcBC 0.007* 
X-tra Base 0.44(0.09)aAC 0.99(0.02)bC 0.68(0.27)acAC 0.92(0.17)bcA 0.001* 
P 0.001* 0.001* 0.001* 0.001*  













Table 7 The mean (standard deviation) values (μmol/L) of residual BPA released from bulk-fill composite resins 24 h after curing 
Composite Resins Curing Modes P 
 QTH 
 
LED Standard LED High Power LED Extra Power  
Filtek Bulk-Fill Posterior 0.27(0.06)aA 0.31(0.06)aAC 0.54(0.05)bA 0.44(0.01)cA 0.001* 
Filtek Bulk-Fill Flowable 0.30(0.01)aA 0.41(0.03)bB 0.37(0.04)bcB 0.36(0.00)cA 0.001* 
SureFil SDR 0.36(0.04)aB 0.30(0.01)bC   0.40(0.07)aB 0.29(0.00)bA 0.001* 
X-tra Fil 0.38(0.01)aB 0.42(0.10)aABD 0.46(0.10)aAB 0.35(0.18)aA 0.426 
X-tra Base 0.34(0.04)aAB 0.48(0.01)bD 0.44(0.05)bB 0.38(0.11)abA 0.001* 
P 0.001* 0.001* 0.001* 0.05  








Fig. 1 Statistically significant comparison results of depth of cure (%) in different light modes 
for each composite resin. 
Fig. 2 Chromatogram of the standard monomer samples  
Fig. 3 Chromatogram of the obtained from the sample 24 h after curing. 
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